Bone marrow transplantation (BMT) is a successful and recognised treatment option for patients with a number of haematological and non-haematological malignant and non-malignant conditions. Pulmonary complications both infectious and non-infectious are common after BMT. Multiple factors are thought to contribute to pulmonary complications, including the type and duration of immunological defects produced by the underlying disease and treatment, the development of graft-versus-host disease (GVHD), and the conditioning regimens employed. These complications are classified as early or late, depending on whether they occur before or after 100 days from transplantation. Early non-infectious pulmonary complications typically include pulmonary oedema, upper airway complications, diffuse alveolar haemorrhage, cytolytic thrombi, and pleural effusion. Bronchiolitis obliterans, veno-occlusive disease, and secondary malignancies occur late after BMT. Idiopathic pneumonia syndrome, GVHD, and radiation induced lung injury can occur in early or late period after BMT. 
S
ince the first successful allogeneic BMT in the late 1960s, BMT has been used with increasing frequency to treat malignant and non-malignant haematological disorders, solid tumours, metabolic, and genetic diseases. Pulmonary complications, including infectious and non-infectious, occur in 40%-60% of all BMT recipients, which accounts for a considerable morbidity and mortality. 1 The incidence of noninfectious pulmonary complications has been reported as high as 65% in allogeneic BMT recipients. 2 Multiple factors thought to contribute to pulmonary complications, including immunological defects secondary to underlying disease and its treatment, conditioning regimen, and development of graft-versus-host disease (GVHD). 3 Pulmonary complications are classified into early (box 1) or late (box 2) depending on their onset, whether they occur before or after 100 days after transplantation (fig 1) .
UPPER AIRWAY COMPLICATIONS
These are the earliest complications and usually result from mucosal damage by conditioning regimen. High dose chemotherapy and total body irradiation can cause severe mucosal damage/ mucositis and can lead to upper airway inflammation, laryngeal oedema, dysphagia, odynophagia, or aspiration pneumonitis. 4 Management of upper airway complications may require from local symptomatic care to intubation and mechanical ventilation for laryngeal oedema in severe cases.
PULMONARY OEDEMA
The onset of pulmonary oedema after BMT is rapid and is usually seen in the second or third week after BMT. 5 The exact incidence is not known but it is not an uncommon problem. 5 It presents as acute onset dyspnoea, weight gain, bibasilar crackles, and evidence of hypoxaemia on arterial blood gas. The chest radiograph shows mild to severe vascular redistribution, diffusely increased vascular marking, and occasionally the presence of pleural effusion. Chest radiographic findings are indistinguishable from pulmonary oedema of any other aetiology (fig 2) .
Increased capillary hydrostatic pressure, increased capillary permeability, or a combination of both result in pulmonary oedema. Aggressive hydration to minimise the toxicity of chemotherapeutic agents, blood and blood product transfusion, total parenteral nutrition, cardiac and renal toxicity from chemotherapeutic agents (that is, doxorubicin, cyclophosphamide, cisplatin, cyclosporin) can contribute to the development of cardiogenic pulmonary oedema secondary to increased capillary hydrostatic pressure. Total body irradiation, lung injury from immunosuppressive medications and sepsis can result in increased capillary permeability and lead to noncardiogenic pulmonary oedema. 6 The management of post-BMT pulmonary oedema is similar to the management of pulmonary oedema of any other aetiology. The development of pulmonary oedema can be prevented by careful physical examination, monitoring weight change, judicious fluid administration, and careful administration of diuretics. 6 Some patients can develop respiratory failure and need mechanical ventilation.
IDIOPATHIC PNEUMONIA SYNDROME
Idiopathic pneumonia syndrome (IPS) is defined as diffuse lung injury occurring after BMT for which an infectious or non-infectious aetiology cannot be found. 7 Previously used histological terms such as interstitial pneumonia, a histological term in reference to this entity, is inaccurate and should be avoided. The two main histopathological patterns of IPS are interstitial pneumonitis and diffuse alveolar damage. 7 The incidence of IPS after allogeneic BMT is approximately 12%. The classic presentation includes dyspnoea, non-productive cough, hypoxaemia, and non-lobar radiographic infiltrates (fig 3) but clinical presentation can vary from asymptomatic to full blown acute respiratory distress syndrome. The median time of onset is 42-49 days after BMT, but there is an early peak in the first 14 days after BMT, followed by a lower but consistent incidence up to 80 days. 7 The diagnosis of IPS is usually one of exclusion; however in 1993 National Heart Lung and Blood Institute workshop proposed the following criteria for the diagnosis of IPS: symptoms and signs of pneumonia, evidence of abnormal pulmonary physiology such as increased alveolar to arterial oxygen gradient or increased restrictive pulmonary test physiology, evidence of widespread alveolar injury suggested by multilobar infiltrates on chest radiography or computed tomography, and absence of active lower, respiratory tract infection. 7 Appropriate evaluation includes bronchoalveolar lavage or transbronchial biopsy showing no bacterial, viral, or fungal pathogens on culture and cytology and a negative second confirmatory test for infection performed two to 14 days after the initial negative test. 7 There is no specific treatment for IPS and corticosteroids have no proved efficacy in treatment or prophylaxis. 8 There is reduced severity of disease in patients receiving cyclosporin or intravenous immunoglobulin prophylaxis for GVHD. 9 The majority of patients with IPS die from recurrent respiratory failure after initial improvement or from superimposed bacterial, viral, or fungal infections.
5 Surprisingly patients who Figure 1 The chronology of non-infectious pulmonary complications after BMT. Box 1: Early complications (within 100 days of BMT)
• Pulmonary oedema.
• Upper airway complications.
• Idiopathic pneumonia syndrome.
• Diffuse alveolar haemorrhage.
• Radiation pneumonitis.
• Acute GVHD.
• Pleural effusion.
• Cytolytic thrombi.
• Mediastinal emphysema.
Box 2: Late complications (after 100 days of BMT)
• Chronic GVHD.
• Bronchiolitis obliterans.
• Secondary alveolar proteinosis.
• Secondary malignancies.
• Radiation fibrosis.
• Veno-occlusive disease. received total fractioned irradiation in excess of 1200 rad and those with the evidence of acute GVHD (>grade 2) have a better prognosis. 8 9 
DIFFUSE ALVEOLAR HAEMORRHAGE
Diffuse alveolar haemorrhage (DAH) is a serious post-BMT complication that has been reported predominately in autologous BMT recipients but it can also occur after allogeneic BMT. 10 11 The reported incidence of DAH in autologous BMT recipients is 7%-14%. 12 The syndrome usually occurs in the second and third weeks (range between 5-34 day) after the transplantation. 10 The exact cause of DAH is unknown. Age >40, radiation toxicity, solid malignancy, drug toxicity, infection, thrombocytopenia, and neutrophil influx into the lungs all have been implicated in the pathogenesis of DAH. 10 12 Another study finds no relationship between these variables and the presence of DAH. 13 A recent study finds an association between microangiopathy and DAH after BMT. 14 The characteristic clinical features include sudden onset of progressive dyspnoea, non-productive cough, fever, and hypoxaemia. Haemoptysis is a rare finding. 12 The radiographic findings are non-specific and cannot be distinguished from pulmonary haemorrhage of any other aetiology. 12 Most patients initially show a mild interstitial or alveolar infiltrates in the central and lower lung zones, which are indistinguishable from pulmonary oedema or opportunistic infection ( fig  4) . Characteristically DAH is a fulminant process and radiographic changes rapidly progress to a diffuse, severe alveolar pattern. 12 The diagnosis is usually made on bronchoscopy, on the basis of the result of bronchoalveolar lavage, which shows a progressive diffusely haemorrhagic fluid. Although the most appropriate diagnostic approach is open lung biopsy, the critical condition of these patients with suspected DAH almost always exclude this option.
14 One of the diagnostic criteria for DAH on lung biopsy is the presence of pure blood in at least 30% of the evaluated alveolar surface area in the absence of any concomitant pathology.
The early diagnosis of DAH and prompt intervention is crucial and it may favourably alter the natural history of the disease. 10 11 15 Administration of high dose corticosteroids improves the total survival, survival to hospital discharge, and reduces the development of subsequent respiratory failure. 14 15 Despite treatment, DAH is associated with very high in hospital mortality (67% treated with high dose steroids v 90% supportive care). 15 
RADIATION PNEUMONITIS
BMT recipients, who have undergone total body irradiation used in the conditioning regimen, are at risk of developing radiation pneumonitis. The incidence of symptomatic radiation pneumonitis is approximately 7%; the percentage of patients who manifest asymptomatic radiographic changes is significantly higher. 16 Dyspnoea is the most common symptom, followed by cough and fever. 17 Physical findings on chest examination are usually minimal. There is a latent period between radiation exposure and development of pneumonitis, which ranges from one to three months. 16 In some cases, clinical symptoms may develop even before radiographic changes. 18 A raised sedimentation rate and leucocytosis are common laboratory findings. Radiographic findings range from mild focal haziness to dense infiltrates, with a relatively sharp border that does not follow the pattern of the lung's anatomical border but rather follow the shape of radiation treatment port. 18 Computed tomography of the chest shows areas of increased attenuation, with a relatively sharp border like chest radiograph that do not follow the pattern of lung's anatomical border. 19 Pulmonary function tests reveal restrictive lung physiology and reduced diffusion lung capacity. 20 Diffusion lung capacity is the most predictive test that may prognosticate the risk of pulmonary radiation damage. 20 There are many factors that can alter the risk of radiation induced lung damage, these include total radiation dose, fractionation, lung volume, prior radiation, chemotherapy, pre-existing lung disease, and steroid therapy withdrawal. 20 Mild or subclinical disease, evident by chest radiograph abnormalities, do not require treatment and may need only expectant management. Corticosteroids are the mainstay of treatment for symptomatic patients and usual dose is 1-2 mg/kg body weight with a gradual taper.
PLEURAL EFFUSION
Although a large number BMT recipients (40%-60%) develop pulmonary complication, there is relatively little information available concerning pleural involvement after BMT. In one study 16% of patients developed pleural effusions within the first 100 days after receiving BMT. 21 Perhaps the most common non-infectious cause of pleural effusion is aggressive treatment with fluids, blood, and blood product transfusion. The effusion is usually right sided or bilateral (fig 2) . In an appropriate setting, thoracentesis is not necessarily required, given the patient has no clinical evidence of infection. Other non-infectious causes of pleural effusion in BMT recipients include parapneumonic effusion, high dose chemotherapy, recurrent malignancy, and iatrogenic. 22 23 Hepatic veno-occlusive disease, an occasional complication in patients treated with chemotherapy and radiation therapy for malignant disease, is characterised by jaundice, hepatic enlargement, right upper quadrant pain, and ascites. 24 25 Pleural effusion has been reported in up to 50% of BMT recipients with hepatic veno-occlusive disease compared with 3% of BMT recipients without. 26 Patients with veno-occlusive disease and pleural effusions have either no or minimal respiratory symptoms. Hepatic veno-occlusive disease usually precedes the development of pleural effusion. The effusion usually resolves without requiring thoracentesis or tube thoracostomy.
MEDIASTINAL EMPHYSEMA
Mediastinal emphysema can rarely complicate interstitial pneumonitis in BMT recipients and sometimes may precede the transplantation. In a report of six cases, no serious consequences to this problem were noted. 27 There was a use of higher total dose of irradiation pretransplant in these patients, which might have contributed to the development on the mediastinal emphysema. 27 
VENO-OCCLUSIVE DISEASE
Veno-occlusive disease is a rare vascular complication of BMT. The clinical picture is dominated by progressive dyspnoea along with signs of pulmonary hypertension and arterial hypoxaemia, six to eight weeks after BMT. 28 Although clinical Non-infectious pulmonary complications after bone marrow transplantation 259
www.postgradmedj.com group.bmj.com on July 1, 2017 -Published by http://pmj.bmj.com/ Downloaded from features and haemodynamic parameters may suggest the diagnosis of veno-occlusive disease, open lung biopsy is required to confirm the diagnosis. The primary pathological changes are occlusive lesions of the small pulmonary venules consisting of fibrous intimal proliferation. 28 High dose chemotherapy and multiple BMTs have been implicated as aetiological factors. Pulmonary veno-occlusive disease may be responsive to high dose steroid therapy when treated promptly. 28 
GRAFT-VERSUS-HOST DISEASE
GVHD may present as acute or chronic pulmonary process. The incidence of GVHD is significantly higher in allogeneic BMT than in autologous or syngeneic BMT. 29 30 GVHD results from minor incompatibility differences between donor and recipient in HLA matched transplant and is thought to result from an immune reaction mediated by donor T-lymphocytes that recognise the recipient's tissue as a foreign body. 5 In the early period (first 100 days) after BMT, acute GVHD develops in 25%-75% of patients and primarily affects the skin, liver, and gastrointestinal tract. 5 Pulmonary complications of acute GVHD are minimal. Chronic GVHD occurs in 20%-45% of BMT recipients who survive six months after transplantation and pulmonary involvement is common in these patients. 30 31 There is a distinct association between the presence of chronic GVHD and increased risk of developing non-infectious pulmonary complications. 30 31 The predominant respiratory symptoms and signs in chronic pulmonary GVHD patients are dyspnoea, nonproductive cough, crackles, and/or wheezes on auscultation. 30 31 Low grade fever and expectoration are uncommon symptoms. 29 The median time of onset of respiratory symptoms is five months (range 1-13 months). 30 The chest radiograph can be normal despite the presence of clinical symptoms and signs and abnormal pulmonary function tests. 32 Chest radiography and computed tomography show that pulmonary infiltrates can vary from a few focal areas to diffuse bilateral disease. 30 Pulmonary function tests demonstrate a fall in vital capacity and forced expiratory volume in the first second, followed by marked decrease in forced expiratory volume in first second/vital capacity ratio suggestive of overt airway obstruction. 30 31 Histologically pulmonary GVHD may manifest as diffuse alveolar damage, lymphocytic interstitial pneumonia, lymphocytic bronchitis, and bronchiolitis obliterans. 5 30 32 The majority of patients with GVHD respond to immunosuppressive treatment; this includes high dose steroids (prednisolone 1-2 mg/kg) with a gradual taper over 3-12 months in those with sustained complete response. In severe or steroid resistant cases additional immunosuppressive drugs (cyclosporin A, azathioprine, or thalidomide) can be added. 29 30 In some patients initial favourable response follows a relapsing/ remitting pattern, similar to other autoimmune diseases. 30 31 33 
BRONCHIOLITIS OBLITERANS
Bronchiolitis obliterans is an obstructive pulmonary disorder affecting the small airways that was first described as a late complication of allogeneic BMT, however, it has rarely been described in after autologous BMT. 2 3 The incidence of bronchiolitis obliterans has been reported to be between 2% and 14% in allogeneic BMT recipients, who survive more than three months. 5 34 The BMT recipients with a low posttransplantation immunoglobulin level and those with chronic GVHD are at an increased risk. 33 34 The aetiology of bronchiolitis obliterans remains unclear. Several postulated causes include viral infections, autoimmune processes directed against the bronchial tree, and damage to the small airways secondary to GVHD. 34 35 Although bronchiolitis obliterans is a late onset complication after BMT, it can occur anytime after BMT. 34 The condition can present subtly, with upper respiratory tract infection symptoms and gradual dyspnoea accompanied by persistent cough and expiratory wheeze. The chest radiograph shows hyperinflation or is unchanged compared with the baseline. Computed tomography can show a mosaic pattern of attenuation, and evidence of air trapping on an expiratory scan (fig 5) . 36 The earliest physiological abnormality is airflow limitation manifested by a decrease in forced expiratory flow at 25% to 75% of the forced vital capacity. Diffusing capacity is usually reduced, and occasionally there is a restrictive ventilatory component combined with reduction in exercise capacity. 35 Progressive airway obstruction with diffusion impairment eventually leads to respiratory failure. Histologically, there is predominately constrictive bronchiolitis with granulation tissue plugs within the small airways, often extending into the alveolar ducts, or complete destruction of the small airways by fibrosis. 34 The diagnosis of bronchiolitis obliterans can be made based on the appropriate clinical picture, radiographic, and pulmonary function test abnormalities. Histopathological changes are the gold standard for the diagnosis of bronchiolitis obliterans and often require lung biopsy or bronchoscopy with transbronchial biopsy.
The overall prognosis of BMT recipients with bronchiolitis obliterans is dismal, with an overall mortality of 65% three years after transplantation. 33 Some authors suggest intensification of the immunosuppressive regimen (high dose prednisone and cyclosporin or azathioprine) to treat this condition; however, the impact of this regimen on the evolution of this disorder is unclear. 33 
SECONDARY PULMONARY ALVEOLAR PROTEINOSIS
Secondary pulmonary alveolar proteinosis is another rare complication after BMT, causing potentially reversible respiratory failure. 37 In a report of 10 patients with immunosuppressive illnesses, including three after BMT, the diagnosis was made on the identification of periodic acid-Schiff positive proteinaceous material from bronchoalveolar lavage with characteristics ultrastructural electron microscopic pattern. 37 One of the reported patients had reversible disease that coincided with recovery from neutropenia.
SECONDARY MALIGNANCIES
The incidence of secondary malignancy is seven times that of primary cancer in the general population. 38 Acute GVHD, total body irradiation, and antithymocyte globulin increase the likelihood of secondary malignancy, while chronic GVHD does not appear to be associated with secondary malignancy. 38 The chest could be a primary or metastatic site in the case of secondary malignancies.
RADIATION FIBROSIS
Radiation fibrosis results from radiation induced chronic lung damage and may take six to 24 months to develop. The most common risk factor for radiation fibrosis is radiation pneumonitis but some patients may develop radiation fibrosis without previous radiation pneumonitis. 16 Dyspnoea is the most common presenting symptom, and results from pulmonary hypertension and subsequent cor pulmonale. 18 The severity of symptoms depends on the degree of lung involvement and ranges from asymptomatic to respiratory failure. Chest radiography and computed tomography findings are indistinguishable from pulmonary fibrosis of any other aetiology ( fig 6) . Serial radiographs can be useful to follow the transition from acute to chronic lung changes. In cases of mild fibrosis, subtle changes-that is, elevation of the hemidiaphragm and minor fissure, apical thickening, and paramediastinal fibrosis with mediastinal widening-can be seen. 16 In severe cases atelectasis, mediastinal shifting, pleuropericardial adhesions, tenting of the diaphragm, and tracheal deviation can be seen. 16 18 No therapeutic intervention in humans is of proved benefit in radiation induced fibrosis. Supportive measures including supplemental oxygen, bronchodilators, and expectorants can used as needed for symptomatic relief.
PULMONARY CYTOLYTIC THROMBI
In a recent article, Woodard et al reported a novel noninfectious pulmonary complication in 13 BMT recipients who developed fever and multiple peripheral lung nodules, which were seen on computed tomography. 39 All patients developed fever at a median of 72 days (range 8-343 days) after BMT, followed by a pulmonary nodule on chest computed tomography. 39 40 This condition is labelled as "pulmonary cytolytic thrombi". Histological examination of the open lung biopsy showed a unique pattern of necrotic, basophilic thromboemboli amorphous material suggestive of cellular breakdown products occluding medium to large size blood vessels. Immunohistochemical staining showed entrapped leucocytes and disrupted epithelium. No vasculitis, viral inclusions, fungal or bacterial elements were identified. The authors found this condition exclusively in BMT recipients and the majority of the patients were being treated for active GVHD. 39 
PNEUMOTHORAX
Bronchiolitis obliterans and chronic GVHD after BMT are associated with obstructive airway changes. 29-32 34 35 Spontaneous pneumothorax has been reported in BMT recipients with chronic GVHD and obstructive airway disease. 41 42 Pneumothoraces occurred in patients with advanced to end stage lung disease.
CONCLUSION
BMT is an effective and promising therapeutic tool for a number of haematological and non-haematological malignant and non-malignant conditions. Its success, however, is often limited by the high incidence of complications, especially those related to the pulmonary system. As the number of BMT recipients increase, the recognition and treatment of pulmonary complications become vital. A better selection of patients, the use of the least toxic conditioning regimens, early recognition and treatment of infectious and non-infectious complications, improved treatment and prevention of GVHD, and more rapid recovery of bone marrow will have a substantial impact on the morbidity and mortality associated with this form of treatment. Although the approach to the diagnosis of pulmonary disease after BMT will often need to be individualised, following a systematic approach is recommended for early diagnosis and appropriate intervention. 
